The modulation of enzyme reaction rates within multi-enzyme complexes. 2. Information transfer within a chloroplast multi-enzyme complex containing ribulose bisphosphate carboxylase-oxygenase.
Octameric ribulose bisphosphate carboxylase-oxygenase binds in an independent manner its substrate (ribulose bisphosphate) and a substrate analog (6-phosphogluconate). The eight active sites of the free enzyme are thus independent. The kinetic behaviour of the active site becomes different if ribulose bisphosphate carboxylase-oxygenase is inserted in the five-enzyme complex previously isolated from chloroplasts. Ribulose bisphosphate carboxylase-oxygenase then becomes more active than the corresponding free enzyme form. By comparing the behaviour of the same enzyme in the free state and in the associated state it then becomes possible to study how the thermodynamics of protein-protein interactions alters the kinetic behaviour of ribulose bisphosphate carboxylase-oxygenase. This alteration may be expressed in terms of stabilization-destabilization energies exerted upon the various intermediate states of the enzyme reaction, within the multi-protein complex. Heterologous interactions within this complex exert a constant stabilization energy on the enzyme ground states along the reaction co-ordinate of -1.68 kJ/mol and a constant stabilization energy of -3.79 kJ/mol on the enzyme transition states. These stabilization energies express how information propagates within the multi-enzyme complex as to increase the apparent affinity of the substrate for the active sites of ribulose bisphosphate carboxylase-oxygenase, as well as to increase the catalytic rate constant. The binding of the substrate analog 6-phosphogluconate to free ribulose bisphosphate carboxylase-oxygenase is non-co-operative. It becomes positively co-operative if this enzyme is inserted in the multi-protein complex. Under these conditions, only one type of enzyme-inhibitor complex is detected experimentally. Here again heterologous interactions stabilize this enzyme-inhibitor complex relative to that expected if ribulose bisphosphate carboxylase oxygenase is free. The extent of stabilization is -1.03 kJ/mol. Neither free nor associated ribulose bisphosphate carboxylase-oxygenase display any co-operativity relative to substrate binding. However, in the presence of the substrate analog 6-phosphogluconate, this enzyme displays positive co-operativity relative to substrate, although not if it is naked. These results can be explained theoretically and show that the maximum value of the Hill coefficient is < or = 2. As 6-phosphogluconate and other substrate analogs are present in chloroplasts under normal conditions, this co-operativity might be of functional importance in vivo.